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Fig. 1b' 

FIGURE 1 
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FIGURE 4 




Fig. 5c 
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FIGURE 7 




FIG. 7C 



FIGURE 8 
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55.0189 

A METHOD AND APPARATUS FOR COMPLETING A WELL FOR 
PRODUCING HYDROCARBONS OR THE LIKE 

The invention relates to the field of petroleum service and supply industries, and more 
paxtkuiaity to complete 

While drilling is taking place, the integrity of t well is controlled by s drilling mud of density 
that needs to be adjusted so that the hydraulic pressure of the n^ 
from the formations while simultaneously evoufing damaging the underground formations by 
fracturing them. When the drilled depth exceeds a certain value, the pressure difference due to 
the difference in depth is such that it b no longer possible to formulate a mud capable of 
performing its function over the entire length of the well, so to prevent coOapse of the wall, h 
is ne ce ssary to tine the hole with metal casing. For this purpose, a certain number of casing 
tubes are placed end to end and lowered down the well, and are fixed to the wall of the wdl by 
cementing Thereafter, drilling can continue down to the next critical depth. 

Each newfyudriDed length must be fined with casing of outaide diameter t^ 

through the casing that u already 
staircase structure with a hole that u large at the top of the wefl and much narrower at the 
bottom of the wdL Such a configuration is fcr from optimal: a large hole at the surface means 
that drilling time must be wasted in a non-productive zone, whereas a narrow hole in the 
uscfiil zone* docs not frvor production by good draining of the formation. 

Worse sni], h often happens that the hole passes through unexpected critical zontt 

boring has reached a critical depth. Such critical zones may, for example, be veins of very 

KaWe rock or -pockets* of gas wta^ evtm though they are 

major sources of danger both for the wefl and for the work force on die surface. Under such 
circumstances, the only solution is often to cement these zones by putting casing into place 
immediately, thereby further reducing the sue of the hole. wUch can lead to a wefl being 
abandoned if further difficult zones are encountered as drilling continues. 
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It will also be understood that it is very difficult to repair damaged casing by installing new 
casing, without further significantly reducing the tux of the hole and thus running the risk of 
preventing penetration of certain tods or items of equipment that may be needed in the 
production zones, for example. 

Over the last few years, the industry has developed new techniques of completing wells or of 
completing them temporarily, so as to mininuze the number of "steps" and to increase the 
downhole diameter of the wdL 

Proposals have thus been made to use a composite material comprising an expandab le doth 
made of glass fibers impregnated with non-polymeriied epoxy resin and having a rubber 
membrane covering hs outside free which is directed towards the wall of the hole. By using an 
appropriate laying tool, the membrane is applied against the wafl of the bote or a damaged 
portion of casing, and the resin is caused to por/meru* by being heated The main difficulty of 
that technique is that it requires electrical power of the order of 1000 watts per linear meter. 
thushmWngiUapplicat^ 

of synthetic Tnaterial cannot constitute a final replacement for metal casing since that needs to 
be capable, to paitkuhu^^ 
that are particularly corrosive. 

US Patent 5 348 095 proposes niaking casing out of a continuous tube of ductile material 
capable of withstanding large amounts of plastic deformation. The tube is enlarged by a 
conical tool, and it can optionally be cemented. However, expansion of the tube is 
tcfompaf^ *y ■ «A**ion in the total length of the tube, and mb can fjve rise to toter&ce 
problems at the end* 

US Patent 5 366 012 proposes a perforated finer provided with overlapping longitudinal stota. 

A mandrel having a large diameter that is greater than the inside diameter of the perforated 

liner b used to expand the wall of the foier and the orifices become larger. Rba-remforced 

cemertcanthenbecastooeMjers^ 

the finer is bored again, thereby leavmg a csjfog of fibio*^^ 

reinforcement The need for fimher boring after cementing constitutes a major drawback of 
that te<teique. In addition, in the abovennentioned case, the pressures required for expanding 
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the tube are quite high and the final length of the finer is reduced. Finally, the slots must be 
pierced in coropfiince with very precise specifications, which leads to a manu&cturing cost 
that is high. 

An object of the present invention is a novel type of expandable casing that does not present 
the above-mentioned drawbacks of the art 

According to the invention* this object is achieved by a finer for completing a hole in an 
under ground formation, the finer being constituted by a spiral-wound strip of spiral cross* 
section, ks longitudinal edges having complementary touching profiles such that after 
expansion the finer is circular in section. 

To complete a weO, the spiral tube is lowered to the bottom of the hole and its walls are 
spread by means of a placement tool, eg. a conical tool, so as to place the kmgrfttdinaJ edge in 
a touching position where they form a cylinder. A closed continuous finer is thus obtained 
which can be cemented in conventional manner without the cement invading the inside of the 
liner, and thus without there being any need to bore inside the casing. It should be observed 
that the iptral- wound casing of the urventkm is particularly adapted to cementing wefls that are 
noiixoutai or naun-iaierai, grveo rts smau diameter m its contract to state wmcn ienas nsca 
wel to being installed in narrow wdUorm welU of trajectory th^ 
traditional casing segtnents* 

The finer of the invention is also well adapted to provisionally completing problem rones. In 
any event the hole may optionally be enlarged in the difficult zone and a spiral finer whose 
diameter after expansion is close to the diameter of the hole before enlargement may then be 
put into place and cemented. Thereafter, drilling can continue and die entire column, including 
the rone that has already been completed, b subsequently completed in conventional manner. 

The spiral casing of the invention can also be used for repairing casing that has been damaged, 
since the outside diameter of the spiral casing after expansion can be selected to be equal to or 
very sfightiy less the inside diameter of the casing that is already in place. 

The spiral-wound strip preferably has chamfered longitudinal edges that define contact 
surfaces whose general direction lies in a plane which forms a non-zero angle relative to the 



09/18/2000 18:23:13 page -9- 



longitudinal sods of the liner. Also preferably, the longitudinal edges have t eradiated section 
to provide mechanical engagement at t predetermined diameter. 

In a more particularly preferred variant of die invention, the liner is obtained by raffing up a 
strip about an axis that is at a certain angle relative io the axis of symmetry of the strip. Under 
such aroimstanccs, when the finer is m the contracted state, h has edges which form a double 
hefix around the cylinder. Ifthcperwd tftiw helix bap 
figure Uobtained whose kngthb not altered by expaii^ 

Tbe finer ofthehrvtttica can 

coiled tubing. In order to complete sections that are of great length, it is possible to weld 
together a plurality of ihectt, either during manufceture of the finer, which b preferable when 
using the cofled tubing technique, or ebe directly on rite. 

Theliner of the inversion m be made of metal, eg. steel or any other material having the 
desirtriciegrcesofelasricty 

b selected, and providing tt has not been cemented, then the Ener of the invention can 
optionafiy be removed, thu 

Other details and advantageous characteristics of the invention appear from the Mowing 
description given with reference to the figures, in which: 

• Figure 1 baotagrammatk: view of a n^ 

after expansion, shown in perspective (Figures la and lb) and in end view (Figures la' and 
- Figure 2 thews an expansion tool; 

• Figure 3 shows an example of mechanical engagement using toothed edges (Fibres 3a to 
3d) and shows various profiles for such toothed edges; 

• Figure 4 is a perfective view of a Bner m the cxwtnwted state 
with toothed sections; 
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- Figure 5 shows a liner of the invention hiving longitudinal edges constituting a double helix, 
teen is perspective in the contacted state (Figure 5a), after expansion (Figure 5b), and in 
longitudinal section (Figure 5c); 

• Figure 6 shows an example of temporary completion using a liner of the invention; 

• Figure 7 shows a typical seq uenc e for c om pletion of a production zone; and 

• Figure 8 shows t variant of a finer of the invention that b perforated and fitted with a sand 



The concept of the invention is shown in Figure I. A strip, e.g. a metal strip, ts spiral-wound 
(Figures la and la*) with overlap over an angle A. After expansion, the finer is circular in 
section and its longitudinal edges come into contact to constitute a closed peripheral surface. 

If the winding follows an Archimedes' spiral, then writing £ for the thickness of the strip and 
Dc for the pseudo-diameter of the spiral-wound strip in the contracted state, the value De of 
the diameter after expansion is given by the following equation: 



where A, the overlap angle, b expressed in radians, and where the lengths De, Dc, and e. are 
expressed m the same units. 

With an overlap of 90* as shown in Figure la, a liner having so outside diameter De of 17.8 
cm (7") and a thickness £ of 9.5 ram (3/8 of an inch) is contracted to s diameter Dc of 14.9 cm 
(5.86*). For an overlap of 180", the expansion is dose to 50%. 

By way of example, the tool for expending the finer of the invention can be constituted by a 
double cone assembly as shown diagrsmrnaticalry in Figure 2, having a first end 10 suitable for 
being fixed to the end of a cotted tube or of a string of roos, and a second end 11 of diameter 
similar to that of the spiral-wound finer in the contracted state, thereby enabling the spiral- 
wound finer to be pushed to the cone which b to be completed The expansion tool also 
includes an enlarged zone 12 of outside diameter dose to the inside diameter of the finer after 



screen. 
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H has been expanded. The enlarged zone 12 b preferably capable of being retracted at lent in 

part by remote awtrd means luchuhydraulk 

of such means aa is conventional for placement tool* as usedinwdb. 

In the variant of the invention shown in Figure 3, the complementary longitudinal edges are 
given teeth so as to form a mechanical lock. As can be seen more particularly in Figures 3a to 
3d, a toothed edge, in this case an edge having three teeth, can provide effective < 



It may also be observed that the Icrigitudrnel edges have a contact area being ia a general 
direction ~D « a nonzero angkieiative to the r»nn^^ 

angle of about 45", and more generaBy lying m the rarrg*30» to 6V b generally preferred. 

Other variant toothed profiles are shown in Figure 3e. The number of teeth can be increased, 
or on the contrary, decreased, and it is possible to select profiles that are nearer to being 
square so as to achieve engagement that is closer to being of the tenon and mortise type. In all 
of Ac examples shown in Figure 3, the toothed edges follow a general direction D at a 
certain angle relative to the normal to the longitudinal axis of the finer. The profile selected is 
preferably such as to nmurmze radial fiietion «bn« Aat tend to oppose slk^ 
conrjkoieraaryportkxa. As shown m 

otrjandirtg the irriral-wound Ener create radial friction forces Fc and Fd which tend to move 
the edges apart This separation force c« be mirumbrf ^ 
ihape of the teeth. 

Tim force* FnatmFb which asibtmlocm^ 

angle A of the finer ia the contracted poshton. Nevertheless, too much overlap also tends to 
increase the radial forces to thst a balam* iitujt be fouim l*tween tte 



Thefaeruexparuiedmtothei^ 

geometry of the ipiral-wound finer and on ita elasticity, and to a imaller extent on the apex 
tngteofth* corneal exr*r«ont^. To 

„, expansion too! corarituted hy a cone whose tpexangleiscteetotlalofthe "natural' 
expansion cone of the spiral-wound finer. 
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Aj shown more particularly In Figure 4, the axis of the engagement teeth forms an angle B 
with the axis of the spiral-wound tube. This angle B has an optimum vahie tying between the 
"natural" expansion cone angle of the liner and zero, however zero is also acceptable. 

Figure 5 ihows the most particularty preferred variant of the invention m which the finer is 
obtained by rolfing up a strip about an axis that is at a certain angle relative to the axis of 
symmetry of the strip. In die contracted position (Figure 5a), the edges form a double hefix 
around the finer. After expansion (Figure SbX the two before* coincide and the junction fine 
winds helically around the finer. 

A particularly advantagcou* aspect of this geometry Bes in it being possible for expansion to 
be performed without changing the X length of the finer. U, as shown in Figure 5c, the 
"diameters" of the finer are written Dc and De (where index s corresponds to the finer being in 
the contracted state and index e^ the finer m the expan 

hefical curves followed by the longitudinal edges are written He and He (where the period of a 
hefix is defined as being the distance measured along the tongrrudmsl axis of the finer between 
two cxxTespondtng points that are one complete turn apart around the cylinder of diameter Dc 
(ot Detf the case may be)X atri 

a finer whose total length is X, it can be shown that the length L is equal to: 



and that cxmsequenuV, the tape U 

X does not vary. 

Wta this double hefix co^ 
finer UofthickneasW v then 





■ ■ \ 
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Fmtfly, another consequence of this geometry is that all points on the surface of the liner move 
ma plane perpendicular tote 

double hefix finer are cut perpendicularly to the longitudinal axis, then after expansion these 
ends wul define perfect circles in plane that are themselves perpendicular to the kmgrtudmal 
axis of the liner. Tins disposition is particularly frvonbte for ensuring sealing of the 
completion at the ends of the liner. 

Figures 6 and 7 are highly fitgrammatk and show two examples of completion using a spiral- 
wound finer of the hrvention, it being understood that these examples are not Smiting in any 
way. 

la the example shown in Figure 6, the spiral-wound tube b used for completing a zone in 
temporary manner. In a wefl in deep water t the problem m 

between the fracturing gradient and the pressure of the fixmatioiL There may ahemativery be 
problems associated, for example, with the presence of formations that are highly unstable 
(dayey rock, sands, sal^ 

the person skilled in the art The financial comequences of such rones b generally out of all 
proportion to their length since a n t i cipated completion thereof requires casing to be installed 
on an extra occasion, thereby reducing the diameter of the hole. 

The wefl has been drilled and casing has been installed in its upper portion 1. Drilling has then 
continued bene^ 

b not cased, prior to reaching a lone 4 of length Lz which needs to be treated immediately 
(Figure 6a). The decision is taken to proceed with temporary completion using a finer of 4c 
invention, A spiral-wound finer 5 b pushed towards the bottom of the wefl by means of a 
double fwil tnol 6 fixed at the end of a tube 7. The expansion tube b caused to 

move on (Figure ft) so as to spread a 

diameter (Figure 6c). Once the finer is in place (Figure 6d) the expansion tool b returned to 

the surfiw and the liner b cement 

ihown here, the Eiier bprovi^ 

the finer towards the annutus 9 which b to be cemented, to 

shoe could be used 
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After expansion, the inside diameter of the liner is practically identical to the diameter of the 
hole in zones where there are no drilling problems (where necessary, the hole can be enlarged 
in the zone that requires treatment by means of a reamer). Drilling can then be started again 
without airy need to drill through a cemented zone, and the entire wefl can be completed in 
accordance with the original drilling plan, and without any reduction m the diameter of die 
weJL 

ft tt dear that additional to^ 

of the inversion. Also, the finer is preferabry fitted with codpieces made of a material that is 
easfly deformed and that is easy to drill (eg. aluminum), thereby guaranteeing that the spiral- 
wound liner Is property expanded over its entire length. 

A typical soquence of using a spiral-wound finer of the invention for completing a section of a 
reservoir is shown in Figure 7. Such an operation may be envisaged, for example, with 
formations that are unstable or sandy. 

The spiral-wound finer of the invention is brought in the contracted state to a non-cased 
section of the reservoir (Figure 7a) and it is then expanded by means of an expansion tool 
(Figures 7b and 7c). Like any other production finer, the finer of the invention is, in this case, 
pierced to allow production fluids to pass therethrough, and as shown in Figure*, it is 
preferably covered in a grid which may be fixed thereto, e.g. by being welded to the strip prior 
to spiral winding. The grid is preferably on the outside face of the finer, facing towards the 
wall 

It should be observed that the sur&ce area of the rofled-up strip remains unaltered during 
expansion so wells ere not weakened 

place and expanded. For the same reason, the size and distribution of the openings provided 
for allowing the production fiutds to pass can be selected in a manner that is entirely 
independent of the diameters in the contracted state and m the expanded state. This makes it 
possible, in particular, to obtain a finer that is very strong m association with greater stabifity 
and longer fife of the well. 
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ForthorizocUlwtfl,iH««J^^ 

can be placed very dose to the fomiation, even in the upper portion of the liner, and that is 
often iiot the cm withacoirvent^ 

So long as it has not been cemented, a spiraPwound Oner can be withdrawn by means of a 

ipeciaJ toot which separt^ 

return to a state simu^ to that of to 

only ifta several mot*^ 

retaining its elastic properties over s^ a lot^ 

The geometry of the spiral-wound Bner of the invention is entirely compatfcle with mass 
production at low cost For example, it is possible to use metal strips (where necessary strips 
that arc welded together) that ^ 
roDersorby ahydraiifc 

continuously so as to give them a toothed profile, and grids may similarly be welded at least 
along one of the longhudinil edges before winding into a spiral. Finally, the strip may be 
spiral-wound directly and then coiled, either contimiousiy or else after being cut up into equal 
lengths. 

In general, it is preferable to pay out a Bner of the invention from a red since that is cheaper 
once the section to be completed is long, and more reliable since connections are omitted 
Nevertheless, h U eo^iaty 

zone by repeatedly placing and expanding lengths of bner. 
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CLAJMS 

1/ A finer for completing a hole in an underground formation, the finer bang constituted by a 
spiral-wound strip, its longitudinal edges having complementary touching profiles such that 
after expansion the finer is circular in section. 

V A finer according to daim I, characterized in that the longitudinal edges define a contact 

surface of general direction D lying in a plane that forms a non-zero angle relative to the 
longitudinal axis of the finer. 

V A finer according to daim 2, characterized m that said angle fonned by the general direction 
1> of the contact surface lies in the range 30° to 60°. 

At A finer according to any preceding daim, characterized in that the touching longitudinal 
edges have a sawtooth profile. 

5/ A liner according to any preceding daim, characterized in that the finer is obtained by 
rolfing up a strip about an axis that is at a certain angle relative to the axis of symmetry of the 
strip. 

6/ A liner according to any preceding claim, characterized in that it is provided with openinga. 
II A finer according to daim 6, characterized in that H is covered in a grid. 
8/ A liner accenting to claim 7, characterized in that the grid is wdded on. 

9/ A method of compJetmg a hole in an underground formation in which a spiral-wound strip 
is lowered down the hole, and the strip is opened untn 4 a circular section is obtained by means 
of a corneal placement cod for putting the longitud inal edges into a touching position. 

107 A method according to daim 4, characterized in that it also includes a cementing 
operation. 

11/ The use of the method according to claims 9 or 10, for temporary completion of zones 
that are d e picted or unconsolidated. 
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12/ The use of the method according to claim 9 or 10, for repairing a casing, 

1 3/ The use of the method of claim 9 for completing a production zone 

14/ A tyttem for completing a hole in an underground formation, characterized in that it 
includes a finer according to any one of claims I to S and an expansion tool suitable for 
splaying apart the tongrtudinal edges until they take up a position where they touch each other 
edge-to-edge. 

15/ K tool for vritJrfrawing a finer according to any one of claims 1 to E, the tool c»rnprisiiig 
means for moving the longitudinal edges apart by a diameter greater man the diameter 
comprising to a circular section and enabling the finer to shrink so as to return to a spiral- 
wound configuration of a diameter that is smaD enough to enable the liner to be extracted from 
thewdL 
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